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(54) DC-DC CONVERTER 

(57)Abstract 

PROBLEM TO BE SOLVED: To provide a DC-DC converter 
capable of maintaining high efficiency over a wide current 
range and a low ripple voltage in the full-load range. 
SOLUTION: A current which flows in an inductor L is 
adjusted and an output voltage is stabilized by controlling 
switching transistors Q1 and Q2. A differential amplifier 58 
amplifies the difference between the output voltage VOUT 
and a reference voltage VREF to output it as a first feedback 
signal. A comparator 56 compares a second feedback signal, 
a substituted value of the current of the inductor with the 
first feedback signal. If the second feedback signal is larger 
than the first one, a flip-flop FF1 is reset and the switching 
transistor Q1 is turned off. 
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KHHW^Lttl*. fcfiWHM* 1 . «fc92E««: 4( 

[0 02 1 ] ^A*»4#I»»&©» l ©WPflMtt. 

« t- - 9 %mmt l xitMM&Mst zmmz-z 

acc^A6<iS. tab*. £«#<!:*>«<&*£. ^ 

[00 2 2]*»B©DC/DC3»<-5»tt. 4>&< 
ife. ^JtEJ:Hfil»DC«E*lHM4P*B!. 5 
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E£Aa*E<fc 0 feW< -rs*fi< r4*>*5HR«H6i 

A**fifflt*ai©IBKRW*««fc*»''^. ^ > 
*©-»*»*#«* .fctf * » **Rfc«KU 

j^99*<DwaiMJj&f4cttMtrz. corns, s 

a^Stt. (a)-f>yd'i'£«*i©IBK«»6.*i4f 
.0 ^*-F*6ftS*H»K«». Xtt. CW 

K£4>***£ ©»^» £ £ omtmi htitcx 

1-5K*ttfi#*£liM"*fc®K* 2 ©7 -f - ? f 
ft^ 35 fcttJJBX Y » ^> ^ h 5 X f tcElUP 3tl4 
mE© £ : % it'o^ox £ * JttST S 

<WS8CC L . ±fESfeffittm^*5±IB^ > y ^ > *** s 

20 -/>^^^*>p»ai^^rfii* i ^^r6jK:SStiTL^c£ 

^-T£#CC±IBX^ ^? L >yF7>yx$?:X'f 

[0023] >y f *«»*»tt«:BBi-r ztc&om 

l ©7 -< - F^ 9 >y"tao--'' { ^ 
A**EVin£tB^*EVout £©M*5A^<<> 

30 T. -f>jj'^^'N©x*;l'=f-S8l* i a^C<:^?,c£?: 

^mEVin£tli^«EVout t©3M«^Sl>t*KB:. 
ffl^3>7 i >^^©i^^+"-SSI* 5 aA«:^^>C£?: 

kf*. y^MtEswswsti*. ^-rn©»^Kte^ 

rfc. ccci-'U^^i'JB. Jf*bi^?ffiBt£S&$ 
***©«**- f >ff ^m^^atiWCcg: 

3rrsffffl*wo. ii5?a*£(S';-v7-;waE*«iiET 

[0024] ±iay- h^is«. ±e» i *j «fcc« 2 © 
40 mpfl»**ti*wp 1 2 ©A^ffi^-^sfe-r 

■SAND^— h. atf*©ANDy-h©ffl**-fef H 

b±&m 3 ©wam-^4 "fe f h ffi-f f S<1 

[0 0 2 5] @SJ3«lit^ -f 7 ^>i^»ffi*»A-r*» 
6. c©»^. *l©MWl*iL-Cia»*»6BttJS 

©£*«:«**? 73 *is. i»awa»^^'^ 
50 yy-mzmAtzmsMx j-oizmma. w*. 
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[0 0 2 6] C©<fcMC. *f%WK«fctHi. ±i£Ucfi£ 

^U^iU-^SBKfe^T. ttfl^-Ffc^ETSC 
£&<. El»««KBK«o-C*t>«l**llt»-r4DC 

«EIKWTt>ti4. COfcfc. a»©»fftt«*sai 

[0 02 7] fcfc. *IHB©affi«HIB. 4>ft< it>. 
D C / D C =i »<- * fcHWram J: X W ?9 

[0028] 

[*«©**©»*] *lfeW©HJB^«{col»-C t 01 20 

«tc;*©aB»B. £rfci&Hj©fc&©fc©-c& , 3. 

[ 0 0 2 9 ] H 1 B. *^BJ©-H*fJii©DC/DC 
3>A-^©^d-7 ?0-C$>&„ DC/DC3>^-^ 

5 0». hwot**j:5k. A#«Ev-in*-f>#* 

% L^jSiR^W&T £/£*©* -(5^52 *Str. X 
-f**5 2B. ff*KB, N-MOS h5>5?^** 
fcBP-MOS F 5 >i>* *«M©Slli(CJ: 

sft-rSo *4*-kdib, a*#(ca<»6nrc> 

;U7*5 2#*>«*D£SB. -f>***L* 
B. -«»tt*ffi'C-f>yi'f L*»6«*&3tifc«** 

g?t*K«-r4 <a?i©*»*tti&-rs> . 4i 
C o o 3 o ] H i K^-r#i&tt, i!i*#cc&< » 

6*ir^«J:9K. fcHMSDC/DCaVX-*?* 
**9!B. H2*»J:WB3«:*-rJ:9ttB«fflD 
C/DC3>^-*fc*»<.»r*>*llrr*Ci*»"T!*4. 
[0 03 1 ] **W©®EW=f*W-^lHlK-C«. 2o 

F'< » ^BttCB. ffl#*E43rl£©lfiK:flM*T5fc# 

©b«**4>** i ©? -f-F'*?* 

ft*tVcntt*H6JBS*i*. C©I&1©? -f - F'^fi 
^VcntiB. »fflStSRH8«fcCfR2*>6*lS3ft4«' 5 
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JBWEV ref i ^^«jififiS5 8 *ffll>-CtktWSC i 
(tcfc*)£jS3ft£o #MHEV ref OffiB. W*tf. A 
2j*E#5~2 5V-C*0. Hl*«E* 3 l. 3-3. 6 

[0 03 2] »2©7 4-F''«9fliBrCtt. -fe>^® 
CiRs ( = »2©7^-F^»J'«Efll*Vs/-f>y 
***8fel L ) ©SSffft*a2©7^-F^^ 
l0 WEEflWVsaWJttHSft. a>/<U-*5 8KJ:»). C 
©»2©7^-F/<^i'«Efi#Vs tmiayy -t-Y 

jfflr4*Vaitii*«iH»Sn«. 3>'<U-*5 6 
Si, »2©7^-K/<»i'«Efi#Vs*«»l©7^- 
F>< , ^«E«^V cntLfc "3 A£t> i * fc. R S 7 U 

5 2*h< m*** 

J$f£„ ff*U»30WBI*£t/tB. RS7'J'^7n 
7F FIB. -fe v FA^ft^J: 0 y-b » FA#fs^ 

20 [003 3] 3>rtU-ji60tt. *1©7 -r-F'<? 
*fi^VcntLi«ft*#)i«EVLLi%ttRL. 

$ 1 ©7 ^ - p/< y i>fi#V cntl^&ftffi #J8*K 
VLLfcO bTifiZts 3>^V.r-*6 0B TLJ t"<A- 
«^%ffl*r-5. 7>FBRAND1B. RS7»;»? 
7P^FF1©*5 h*ffct? FAVWm^fc 
3>^U-5fBO©W**5«fcO f -fe9 F/WX** 

30 cntl*«^#M*EVLLj: 0 fcT#4C iK<froT. 
rJ>AU-3»6 0©W^J35« r L J U^HC&Si; -fe 7 
F/<;W^|64«6 2©ffl*B. 7>KHttANDl*a 

7T f i ©QHtfjB. amttSRiifc-trfi^WK-c-fe 

[ 0 0 3 4 ] 0 1 ©llIU+'> b-f 5 0*»ilflWM¥* 
OroSJHIIIK. fl©7<-F^9 ffll* Venting 
ft^#M*EV LUW±"C*S t n U- * 6 0 D 
sRWrSftfciSHcB. 6 0©W*B. 

40 THJ U^;UKlB*3*l. C©fe*, T> F0KAN D 
IB. -fe? F/W*»£86 2K:J:»)Bf5£©*-f 5>* 
*(C4JS3 tl*-fe ? h AJUX*R S 7 'J » B^F 
F l©Hz? Fjg^m^-rSCitCQrS. ^-^9^5 2 
B. F^^«4S6 2^P.S<lbfc-b9 F^Vb^ 

•e-©tem. >y^^L*/i-fcsfenssijfeBiUifi £ jtc 

50 TVcntl/Rs J lCtVAMtZ>t> 3> 



13 



5 6 B. RS7'J-; 77 P^'FFl^'J* v 
Vtitc^iC THJ I^K&tttfJU C©CiCCi;i3. 

FD ')~-*J- , )>t f Wfcft%Ltl* 

£S62ft>6 r H J l>^)UD-tev FXjia^gfrf & 
i, RS7'J^7B'; 7F F 1 Bfftfiz ? F SftTT. 

B&OilSftS. 

[0 03 5] t>u mEu+"*b-^5 0K:<{;0li»$ 10 

'ptmbx m#ttE#±^ u /cNfic b. 7 a - fx ? 

?ttEVFB*>±#U tftlt<fcO. Hl!)ti*I85 8©m 
7jBj&J>U 3 6tC. Ifnoy-z-FX^If-SIVcntl 
©K;U*>ffiTf£. COi^CCLT^KD^^-FX 
?£fg^Vcntl©U^rt 5 ffiT-f S<b, fe*iLT3> 
XU-# 5 6 (tfcl>TlS2 ©7 ^ - FX *mEfI-*tV 

iC&.*>©T\ CtKCiO. 3>Xl/-* 5 6#>6'J-fe ? 
Fft^^<fr-2»*-CCC^>^^^L?rA^«^Vin«: 20 

»DT5^Lrai^«E5!) 5 fiT-r SB5CCB. 7 -r - Fx -j 
**EVFBB«4>b. cntCfcO, M*lt*I^5 8<Dtti 
#B±HU 3 SH©7<f-FX 5 r*flMVcntl 
©t^;Kk_t#-r& 0 C©«fc5Kl/CfBl©7-f-FX 
? ^<t#Vcntl©U^;U^±#TSi, IS*tUT3> 
X b - * 5 6 {Cfct, >-C8 2 ©7 -* - F X y £> «E(t-^ V 
s ihW53n-£»g^A^>^i'f^^±#-r?»Ci 30 

[0037] ttzifi. nnnmi s e-cc^r si. 

Iff 1 ©7 -f - FX ^ff-^Vcntl«gm##RS«EV LL 
£r)i>'h2<te v ), 3>/<U-*60©HJAtt. THJ 
*6 TLJ CC^fcO. 7>FBBAND1B TLj 

>r>-9-Cout *6fiff^«tiffi-m»*« 1 -?©4>f 

l ©7 ^ - FX 7 iMf-ifV cntlB. » F x^x 

,t, 3>XU-*6 0©W*B FL j U^JKCft^S 
ft, RS7'i-; 7*7 V v 7F F 1 B-te 9 F Stitch** 

7 4 „ ^fg^V cntE&l«£ffi#«8*EV LLi •) t> 

3>rcu-*60B FHj U^Hf-^ffi 50 
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#U C©C£CtJ:D. Hz ? FX;U*#|£f|6 2#3LJ£ 
■? s -fe F xn-yuc «t o r s 7 >; 9 7"7 a 7 7F f i B 
F3ft&. 

[0 0 3 8 ] C©MifCB. -^5 2©X-r 
*JS«tt*MS< tt 0 . ftfiW«iK*Jl>T fc Wt>S»*J 

B^tOiSSnS. §6CC C©«H1B. ^1f*«C»«F© 

OS F ET©x^f ? ?yVnzto£VmW>vz*V9m 

[0039] m2B. *%w<om i ommwcfciizm 

SiS^M©KED C/D C 3 >x- ^©HSgBT* 
S„ H2KwT«JaE-CB. FXjUX«*S6 2Brt 
g|S^J13g6 2' iL-CH^Sn. X-f^5 1 5 2BX^-? 

Qir*s. *?t. iioss^-f 
*-fdib. *©«*aa«tt***#rsfc*«:H« 

««@BtcB#ftit6nS. C©R»HStBi8©-»i 

FD 2 aSEl^^JtcRW hi\X 
SiifcF7>yx^Q2B. Hl©7U-*^-'J 
*- F D 1 ©tS^^EStCC F U-X?Z> «t 9 
{C, 7,4 ■9*^{fY5>l?**Q l©jS*tBt?*iJtai3n 

( r s 7 u v 7'7 o •? 7' f f ia*y-fe? Ftt») ©^ 

f*«.lLB. *©B»F5>^*Q2*/ffca. 

[0 040] j»««*J|a*»iF- K|Sj*>5*|SilK 

SMl4i*KB. *©«*K»l6"r4«E (Vs =Rs 
• 1 l ) i-fe'P^nxmE (-fe'c 1 . S/cB^©^7-b 
•y FSEVzc) t^fclM'StXfy^a^U-f 
7 4 OOWTJ* 3 r H J ittO. RS7>; ylWv-tYY 
l©SeQ«^6HJ^3nSffitt<f-^B, T>F0B 
AND2*ailOTK*F7>^*Q2%IBB|-J"4ll 
«jX?7T7 2NMJi*ttS. ^>^^^«iSI 
L *5 HJ*»T«*> 6X^-;?>yF7>yx$^5 
*lfijK*nS«KB. t^f-y2/X3>^U-*74© 
tU^B r L J K&D . RS7 ') v 77 n » 7F F 1 ©S 

(EQifrf-* 6 5 nrn^ f 7 ^ q 2 ^sg«j-r 
sfcfctcffittx » 7 r 7 2 ^a?j 3 timmm #b. t 

>F@»AND2«C«fc»)tttfe)tiS. c©»m*. ma 

[0 04 1 ] 03B, *»W©SI2©ll*WK:«toS?I 
S«8iffiBtS©»ED C/DC3 ^©ilSgH-C$) 
5. »2©H««©«fiRrB. FXjVX|6iS6 2 

b. 7^3 7^6*86 2" iLtr^iisns. 7> 

•>3^i4S62" B. 3>XU-*5 6©tttfjCCl6 

sot j>#9*nmmMnm*Mz.z>t 

t CC <fc o 6 ^ >X u - jt 5 6 ©W^©^ 0 i 
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* 5? %*tti-r S C £ KI65 0-C) 6 ftfcX;U x 

rt/Xfl-ifiO-C. T>FiM!S§ANDl^UrRS7V 
7'7D ? F 1 ©-te 9 USFF^M&Sfti. 
[0042] 3>^U-*5 6©tfcW 

r L j *>6 TH J K*{W4£. RS7'J 9 7*7 O 9 7* 

F F 1 *s U -fe 9 hSft-C^^^h^^XSQl 

2" tt-j£*7B^W*te#*H0J-r4©t\ RS7 
V 9 77 0'?7'FF 1 ©-b 9 HjHf-Ktt r L J #A#3 
tirOS. JfcOT. ^©ISHaMffiil/Ctf^a 9 h 

#fe£g6 2 " ©HJ^^'^x*s»7-rs £. R S V V v ■? 
7P-/7TF l©-te9 HSHffc THJ *A*Sh4C£ 

tiS. fciiO, RS7 y vVvvvV?? lifitev VK 

h£4S6 2" ©ffi^^VW^Tlfcttifeoti, 
a>^U-*5 6©W?3# THJ T-*fttf. RS7'Jv 

[0 04 3] ±fB«^r» 1 UISAifiW^f. £ 

it. v+ymmti^y^-zs 6*^©m^ 

*#&*#J:»)*#3ftS. ft*. 03©^*fe««|-C«, 

wmsmmmw***. m i cc^-r <t^ft*isi 

[0 04 4] H 1~H 3 {C^-r**W©«E 1^=^*1^ - 
*Tti. H7*«fcC«H8*#JH0ft#6e»0fctiE*B 

£U^S©fS(c*rJd*3tt*C£££«£Uft<.>. 

^msvout £©ra©M^3^ti^©tH*= , >7 ; >-y- 
cout cciMift«frfc^o#<sr*»), Hot. a* 
o < fti»**fc y ? ^«E%5i*jec u-c * 

fc. Sl©lffUfal'-f50B, 03CC^-ri^ 

*Ftto-r sci -c±it© y ? 7;i/^c#b*x£*35iiR 

[0 04 5] ^^JMlOWEU** U-*fc*t»T«. 
R S 7 'J 9 7*7 o 9 7F F 1 #Hz 9 F SftTX-C 9 
^h^>^*Ql*S*>ttSlKft€»t > 4>*2*L 
IfiKm+V i nK«» 3 hT -t > # 2 * L *» L Tfttl 

>-y-cout -e©tti^3>7 I >"y"Cout ©sss 

©«E***Wnorc»<. cct. *>u A^msvint 

titfjUEVout £©IHI©2*W3ttft«. 04CC^<fc 
^K, MJftifipig|5 8©m^U^^ (* 1 ©7 -f - F>< 
9 *©#V cntl) tt. »2 ©7 -r - FX 9 ZWiiW^V 
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tf^n. y 9 7-;u*S£©itJn*i»<'ci*sr*s. 

[0046] ifc, a-xx7^;i/*8 2tOTaW3ft 
■SJEttfca^tf. A73«EVin£Ui^mEVout £©H 
£ ttfcfflftKHtfJ 'J 9 TVMtEfc-fcttfifc-r 4 C £# 
r#S. fi£oT. ^flftt^MciftB. estate. 
04©i4«^>Ptt&-r-5a©w^3>r>-y-cout ^© 
aa**»*S£&*. A^mEVinta^mEv 

10 out £©£#**<->£*«. <-Y*v9&* 
Vcntlti, I2©7^- FX 9 * *E€*IVs #»1 © 
7 -f - FX 9 d?fI-^VcntliCji-r££ r. 

*/h©gfi««**sfly&sti4. 
[ o o 4 7 ] m 5 ». *^bj©» 3 (Dmmmic%Kz® 

J0aSfiR£©*fED C/D C 3 >x- i?©[pI!g0-C4) 
4. C©»3©H»^©fltiS{i. m®*J?*S2* 
<fc O'SE life * 4 * - F D 1 ifi X 9 ? > ^ F 7 > 5? X Q 
20 l*J:t«**4*-FD3KB#SM.&ft. -f>^ 

tf. lUHBKHlK^LfcHKESCa^x-ifiBlly-C 

[0 04 8] H5K^-J-3>X-ir{Citel»r. ^-ff? 

-*»S«3ti5. *>XJHffRs©PiiaWE«. 
^>^*arL*^-l/-C»tl4«««:»J&<"5tt (*2© 
) iO-C=»>XU-jr5 6 
30 ^«*6§n€»„ -r*. X>f^>^h7^3iQl*i 

t7ttSg©£#CCli, B«^*-FD3tt. -f>^i' 

[0049] 06«> *^©m4©HW(C^S@ 
3©S«atta©l«BE • ffEDC/DC3>'<-fOiBH 
-C**. C©»4©IOt«©11»ia». -f>y**L*>. 
A^^V int X >f 9 ^ b 5 $ Q 1 £©fS(C 
B»Sti)tJ| 1 ©*K*J:CttE*^*- FD 3 
40 £©Wfc»«3 ftfc* 2 ©«fl**rr 5 1 0 2 

{Cg*«S^6n-Cl^C<b^or. H5©#E=»X 
-^£PID-C*>2.o c©»BE-»EDC/DC3>x- 
dr-CB. W?©B3IS*ffli». *«*©8SR#^>h«:J: 
,t A^mEV in*5p^E3 ii4*>»E3 ft & ©*>#$£ 
3ftS„ ft*. aStt*>f>h*ift^ft4£. *©IW¥ 
«. 01 *fcttia5*#JiLft*»6»WLfct©iBI0 
Kft5. 

[0 0 5 0 ] ft*. DC/DCa^-*Oft!HClsl> 
-cy •^•;umS ; &*^icT4IilSSS*^jii>*. HKftiJ® 
50 5/X^A%S3E3«4C£*Jfi#3ft4C£tt. S*^ 
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!8fiI©jMJR"C* S © £ B fc>tt £ „ 
[0 0 5 1 ] *fc. #3W©^JBBMKi±8EKBi6Lfc 

H#sW«t?*5iSt>tii. *#S9!tt. KES 

£t©£M ». *m(owmu:ts*tizt> 

[0 052] 

WjMK ^©^jw«E*s/h3^«.«t?*or t>*i>tt$ 

jMM^Sn. ITJ »7*fc/JvSl»DC/DC=i»<- 

$#21*3*14. tit. xtim&tmtimEt(om^ 

3 l>ttftlC*t>-C 'J 7 ^jMWWS *i* DC/DC3 
[01] *^W©-HJBBSI©DC/DC3>^-5»© 

[02] 9nommm%t>^mimmM<omE.Dc 

/DC3 f ©@IS0-C*)S= 

[03] %2<Dmmmmb2>ai%m ! mm<DmKvc 

/DC3 >/t- *©I]gg0-C* 4. 

[04] owc^7^jv*©a**^-riat?*4. 

[05] »3©Mfc«KJ:4HiaS«*DC/DCflE* 
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* 3>7<-^^-r0Tab2) o 

[06 ] »4©3UfcWKflito5H3Saift«a!©l»E • s 
EDC/DCnlArt-fOBHHT**. 
[07] 19IHi8-3 0 3 76 6-9K|lw3tirc>*« 
*©SEU+'^ b-^©-WI©lHl?80t?$)?.o 
[08] »H¥7-8 3 9 6 1 ^KlS^htl^t 
*©mEu+'^ u-^©— ffl©lil80r*S. 

50 ^PI»JSDC/DC3>^-f (SEU***U 
-jr) 
52 
5 4 



5 6 3>7SU-$ 

5 8 Mi^ISi 
60 3>^U-$ 

6 2 ■b-^^lffig 
6 2 ' ASHESS 

6 2" 7»3'^ 

7 0 H3ta«»a©»EDC/DC3>^-3» 

7 4 t^-r 'J-^^^'l'-* 

8 0 TiIiE««H»38©»EDC/DC3W<-f 

8 2 7 

9 0 @Sa«fittS©»ffDC/DC3>A-jr 
100 H^SaSRSOWE-ffffDC/DCa^- 
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